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Abstract

The aim of this study was to investigate the number of spermatozoa in the crypts of the utero-
tubal junction (UTJ) and the oviduct of sows approximately 24 h after intrauterine insemination (IUl) and
deep intrauterine insemination (DIUI) and compared with that of conventional artificial insemination (Al).
Fifteen crossbred Landrace x Yorkshire (LY) multiparous sows were used in the experiment. Transrectal
ultrasonography was performed every 4 h to examine the time of ovulation in relation to oestrous
behaviour. The sows were inseminated with a single dose of diluted fresh semen by the Al (n = 5), IUI
(n = 5) and DIUI (n = 5) at approximately 6-8 h prior to the expected time of ovulation, during the
second oestrus after weaning. The sperm dose contained 3000x106 spermatozoa in 100 ml for Al, 1,000
X 106 spermatozoa in 50 ml for IUl and 150x106 spermatozoa in 5 ml for DIUl. The sows were
anaesthetized and ovario-hysterectomized approximately 24 h after insemination. The oviducts and the
proximal part of the uterine horns (1 cm) on each side of the reproductive tracts were collected. The
section was divided into four parts, i.e. UTJ, caudal isthmus, cranial isthmus and ampulla. The
spermatozoa in the lumen in each part were flushed several times with phosphate buffer solution. After
flushing, the UTJ and all parts of the oviducts were immersed in a 10% neutral buffered formalin
solution. The UTJ and each part of the oviducts were cut into four equal parts and embedded in a
paraffin block. The tissue sections were transversely sectioned to a thickness of 5 Im. Every fifth serial
section was mounted and stained with haematoxylin and eosin. The total number of spermatozoa from
32 sections in each parts of the tissue (16 sections from the left side and 16 sections from the right side)
was determined under light microscope. The results reveal that most of the spermatozoa in the
histological section were located in groups in the epithelial crypts. The means of the total number of
spermatozoa in the sperm reservoir (UTJ and caudal isthmus) were 2296, 729 and 22 cells in Al, 1UI
and DIUI groups, respectively (p. < 0.01). The spermatozoa were found on both sides of the sperm
reservoir in all sows in the Al and the Ul groups. For the DIUI group, spermatozoa were not found on
any side of the sperm reservoir in three out of five sows, found-in unilateral side of the sperm reservoir
in one sow. and found in both sides of the sperm reservoir in one sow. No spermatozoa were found in
the cranial isthmus, while only one spermatozoon was found in the ampulla part of a sow in the IUI
group. In conclusion, DIUI resulted in a significantly lower number of spermatozoa in the sperm reservoir
approximately 24 h after insemination compared with Al and IUl. Spermatozoa could be obtained from

both sides of the sperm reservoir after Al and Ul but in one out of five sows inseminated by DIUI.

Keywords: Pig, Reproduction, Artificial insemination, Spermatozoa, Sperm reservoir
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2002; 2003) Lmaﬁmaaizuugﬁﬁuﬁuﬁwumﬂu’%nmnﬁlaqwﬁhmﬁn Idud lymphocyte neutrophil eosinophil
W8z macrophage IﬂUﬂ%mmﬁwwfuﬁ'm:m:mamommmﬂué’@LLa:ﬁmmé’uﬁuﬁfﬁmzﬁuaaﬂwmaﬂm
K wazlusiasiaalsu 1w neutrophil Lﬂumaﬁﬁwumnﬁq@iuiw Prooestrus WAz Oestrus Wae a9
USunmasadelvidan Lﬁaqﬂsﬁmfﬁwgswz early dioestrus (70 Talaswasan'ly) (Kaeoket et al., 2002)
LIARTHa eosinophil wuga%ﬂuqmﬁﬁuﬁaﬁw:ﬁu (Kaeoket et al., 2003) Wolsuuil Smsdnwwun
lymphocyte waz neutrophil aunsanuldusnaviatiligandrig wunn laswuunlugis infundibulum
LL@iﬁmiLﬂﬁUuLnJmmma‘saumﬂﬂué‘ﬂﬁaﬂﬂdﬁmaﬁu’%nmmgn (Jiwakanon et al., 2005; 2006) ‘Luqm
sperm reservoir agjiu’%nm@‘hLLdeiamiaszmwﬂﬂmgml,azviaﬁwvhi wazawriat lanisthmusaIuying
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wreu  mMIAnwITuiNam ey adawikduiugunmaydoniniiadewinTan W wazeTunsanum

A o A a . a X
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1, ?mmﬂ’%mmua:@‘hmeﬁwuagﬁlu sperm reservoir Imzﬁuqamu‘imﬂma@s‘ RRINTHEN
Woy LUy Ul ke WUy DIUI LS8 UaununMINauL A ULUULA (conventional Al)
2. @nUSINmAMINIEN UMV LTAITaITTULAGUAULTIIN sperm reservoir luLLliﬁ;mi‘ﬁ
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L‘ﬁwﬁﬂﬁﬁﬂmimwa@ﬁuqniwvlﬂvlﬁasjwmﬁa wazdlauITnMWIINMIRUNUTANIWIaiAuMT
Nauﬁmfl,mummma (Flowers and Esbenshade, 1993; Almond, 1998; Weitze, 2000; Singleton, 2001)
ﬂfﬂ%’ﬂﬁﬁwaﬁﬂﬁmiwauLﬁﬂwluqﬂiﬁﬂizﬁﬂ%mw Usznaueie aannedtinagd Qmmwmaaqﬂnwmﬁﬂ
DA luMINENLABY wae InaflamInauLiisg (Soede et al., 1995; Nissen et al., 1997; Tummaruk et al.,
2000) I@ﬂﬂﬂamswamﬁmJqmu@iam%’aﬁ]zl"ﬁﬁwL%aamﬁamaﬁﬁé”mﬁﬁ 2,000-5,000 &we2 wlSuas
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mummavl,ﬂmmmgn FedanueUszunn 5 Ty, LLazﬂavLﬂﬂdﬂﬂll@Qﬂ‘mﬂ WA TILART19NAINY
#1730 90-140 m.é’aaq’ia:lﬁumﬂﬂwﬁa u’%nmsaﬂ@ia‘szwj')aﬂﬂmgﬂﬁuﬁaﬁ']%} (uterine tubal
junction, UTJ) melunanldfw? usaiiendin sperm reservoir (Hunter, 1990; Rodriguez-Martinez et
al., 2001) n¥ivas sperm reservoir fa (unAanIaseadNIskwdn ldsviavinla hlidSanatasas he
flosriu mufianz lignuanlasegduinningasdn (polyspermia)  dulunisvhldegdagluszznion
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Ufjaus (capacitation) uaz teliegd #TTasnuniu uazilasnuasduesszuunidunudliauesd
aqﬁaziaagﬁu‘%nm UTJ aunsendtiansanal (Hunter, 1990; Rodriquez-Martinez et al., 2005) #&431n
& A ' v o o . o ' 3 e o ca A A A ' o oA o
wuagdzgnusaslidr ludmaim lianniu. wdadelanfesdnamsadunisinuratilidad lumas
ol ldnuiidwuiasnidwininsadaluann Mburu et al. (1996) wud fdwanegifiniiim UTY
WEIUTEN ™ 10,000 D9 20,000 67 LaZNUILID Viaﬁﬂvl,ﬂahmmwuaq% Waunin 1,000 @7 buoasud

' a A A s o -~ P o o 1 A a g a
ananlduaziiogdfisanidurihnuazilamaldwaunylinialy T IHRN AL NLU LA LGN
(conventional Al) Tht agaiszanm 3,000 ﬁmgnmu LAWUINY TN L 25-40% gnmgﬂﬁuﬁmaﬂmuaﬂ
Imenasnuanneli 2 Tlu9639 (Steverink et al., 1998; Matthijs et al., 2003) ag38nanNi1 50%
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(Woelders and Matthijs, 2001; Matthijs et al., 2003) LazagIEIUNNGD ITRALBLMNTANRALYBIADNAYN
WiaduAgn (Matthijs et al., 2003)uazusdiwaznaad lulugaiias dinuazinieagiiinslitie 5% 7d
ﬂ?’mmmiﬂﬁﬁ]mﬁﬂﬁa%‘l USam UTJ (Mburu et al., 1996; Rodriquez-Martinez et al., 2005)
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At (1999) "L@wrm'lsmn'ﬁwaumsuqnsm’s Tasvinmsenaanazinmsdsaings NuUStialnanutaee
vasUnuagnnuriainla (uterotubal junction, UTJ) wudueniidiuiudragd 10 swmealudianes 0.5
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fasany AsanadlaouiumInsufisuaulng iiwdeanunulugnIung (Krueger and Rath, 2000)
aunsallumsnauifioueng e]vl@?gﬂﬁ'@um%u ellumaini L%avlﬂﬂa'aﬂﬁ’lué’umgﬂ (intrauterine
insemination, 1UIl) M%amuﬁumaaﬂﬂu@gﬂ (deep intrauterine insemination, DIUI) (Eﬂ‘ﬁl 1) Watson and
Behan (2002) dnmnsldviensuifisuunusaariadiwagn (Ul HugUnsaflunsnauifiougns wuh
mmsnﬁammﬁmuﬁaaﬁﬁmmﬁa 1,000 susrsalds laoflifinadasanmonania waaduisnsd

ldine ligeenn uazfitsz@niniw Martinez et al. (2001) dazauanuduialummauiiougns lasia



iuzadlululinuagn (deep intrauterine insemination, DIUI) lagA3T lirdauazlidasnem lasldvie
' ' a ' ' ¥ & da o o =] ' '
endoscope  FaAHurianENTBY Hunauagn  uazUdesinzenUndisladienis  uazwuildfiana
LANG19IBATIMTNAREA TWIAATEN WalsunumMInauisuaulnd daun Martinez et al. (2002)
lawamdtnsnaniiisy DIUI lasshviafianansalassald (flexible catheter) anlFunuvia endoscope il
o o A . A ° ' A o
euws  uazuansinlade  deldmanzfazihanltlumasuin  nnaassnuinaunIafzaaanuiy
s & Y ' A A o P a P A ¥ A& A =
pa9i1Taald 20-60 i WafisuiuMImEAsuLULdY WTnafiddesinigede 1 lu 3 veslinuagn
nMIEInen (U0 1)

Uterine body 7 10 8 in. past
end of Cenvix

Litaring horr

3. DIUI
10 in. from
the UTJ

Utero-Tubal
Junction (UTJ)

1. Conventional Artificial Insemination
in the Cervix

2. Intrauterine Insemination
in the Uterine Body

3. Deep Intrauterine Insemination

23 of the way up a Uterine Horn

7UM 1 ylusasaiazfuiuianawalofldsunmauion 3 wuy 1=uuuadd (conventional artificial
insemination, Al) 2=UULEBAYIBLINGINAYN (infra uterine insemination, 1UI) waz 3=uuvmaavierdniln

aaan (deep intra uterine insemination, DIUI) (ﬁm: Belstra, 2002)

@13°97 1 wandavasgnIndinslivensuifibusiiaseadnlddilnuagn (deep intrauterine insemination)
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ﬂ‘%mméhaq% Sua3 WU 2T IIWINGN LONANTON9DY
(RUA7) Wsa (Wa)) Ny Aaaa % NInNQ/ATan

1,000 5 40 70.0 9.25 (Roca et al., 2003)
250 5 NA 42.9 7.2 (Bathgate et al., 2003)
1,000 0.5 20 65.0* 6* (Wongtawan, 2004)
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(macrophages) VLﬂEJ’dLﬁanwnmgn (Bischof et al., 1994; Engelhardt et al., 1997; Kaeoket et al., 2003)
wananil mgnﬁmatuauao@iavfﬂL'gmL%@IﬂUmi“ffumiﬁ@méﬁmiﬁnnL‘f':aLﬁaqiwwmgﬂ%é’dmnmigﬂ
ﬂi:ﬁuﬁwﬁ%gmL%@Lmzﬁaaqﬁ (Lovell and Getty, 1968; Pursel et al., 1978) N1INOUIHIIVITZUY
Qﬁﬁﬂﬁ%@i8‘15’1La?mL%E]LL&:@T’JaqaﬁLﬂuﬂﬂiﬁ’]ﬂ’lﬂuﬁzaﬂﬂLiﬂLéanW‘NNmﬂiﬂ iernelwiAayse laminud
sauimasaunmeniled (Engelhardt et al., 1997; Rozeboom et al., 1998, 1999; Kaeoket et al., 2003)
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12% laoiiues SauusihldvimsTaiviigenndin (entire ejaculation) sniiuiidnusongdnna
. LY X o aaX cae® X e we® a¥ ¥ X oo
panINE@InLINVINIRATNLTa dreiTiazibiihgesgannulduuliiaoaressd ududzneayly
USInunwalies wanINNHawaIilaede Kaeoket et al. (2002) WUINNIABLEWEIVBILTARVDITEUL
piiquinluneandsdunuinuszaugaslaweslanauuazlsiasaalsu additbidn
luns@inmrieuninwesnnizgide (Sumransap et al., 2007; Tummaruk et al. 2007) Wu31N13
Waufissuuuseaviadidmagn (U swnInfiszimisearianauifiouruaanagn ldluwigninne
wazlinuiReandasviananiiay wasaninsNaNiguLzIILe? FAAREINLNNTANENUEY Roca et al.
(2003) ﬁmmsnaa@ﬁamuﬂamgmquﬂia‘hmu 940 Wesidud uazwulReanUmeriadiwin 1.7
wesidud uaznanIfn®suad Dallanora et al. (2004) WudiudgnIdwan 94.7 weiidudauisaniazaan
rialduazwuifeafidansviadiuan 1.7 wWefiud wananidanudndy wiinanaufisuagiazgydoain
milnadaunauvasingaud uszazgnilaifaauiuaziaadivizuunSdunwdinniuiin (Matthijs et al.,
2003) Mburu et al. (1996) wuia faunliandagdsinlngazdi lladanuinmdudesasrai liuaslin
o , AR 7Y A , . x
NARN  UAzEINA1928Y isthmus  wandAsliandmasdazdnlegludiuves istmus aunuINIU du
sondiavasviavh liuazlnuagn andulinmnazauvesdiasd lasusnaiiisnwwiadeufiidasmwisda
nsiiavesiiegiuaziiimihitensssneginazdwdnluluviavilddae  (Rigby, 1966; Tienthai,
4 v 0/ A @ é ] = = QI/ a o ] dl
2003) TIROAANDINUNANTINARBIVAINMLEIIY TINud1 nasmamfion 24 Tl agidiulngjazwod

d'su"uaaiaﬂ@iaizijﬁaﬁ’lvlﬂuazmgﬂ (M719% 2)

13797 2 ALafe (mean) maai‘hmuéﬁaq’%ﬁmmﬁmwwuluﬁaﬁ’l"l,“dLLa:‘ﬂnmgﬂsl,w,mqﬂs%é'mﬁwau
Weauwuudné (Al) wuusaaviaiinuegn (1Ul) LLaszuaa@MaL’ﬁ'ﬁJann (DIUI) (Sumransap et al., 2007,
Tummaruk et al., 2007)

ﬂsju FIUI% 1 2 3 4 5 6 7
a a a b c cd d
Al 6 87 343 1,411% | 142,500° " 90,000 69,167 45,000
1] 6 85° 206" 1280° " 131167° -~ 90,000° 66,167~ 37,250
DIUI 5 25° 76" 284° 23,500 15,400° 9,000° 7,000°

* @i 1 ampullae 2 isthmus §ud 3 isthmus §wie 4 UTJ 5 Dnuagnaiudu 6 Tnuagnarunand 7

a ' 1% abcd o ' o a ' aa
ﬂﬂ&l@]fﬂﬂﬁﬁuﬂ?ﬁl anmmmu‘[uumLLmuauwmmmemammn@ (P<0.05)

nIfnsnInEedTeTasdaiianr luinonbeyriinegn Huszlomilunstieitady
anuRadndvasuagnlugningnaafiafiasnndymeanusumailuszuuuius  (Dalin et al, 1997)
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waiAnnasmsudaaudnddes@nmrion (Dalin et al., 2004) Lmaﬁmaaizuugﬁﬁwﬁuﬁﬁnm
L'E'iaqNﬁfwﬂﬁnmgmﬂumwﬁwaa mucosal immune system wtiansyinaueanidu 2 sfia laua non-
specific e specific immune response LﬁmﬁLﬁ@Lﬁamn?m&iﬁﬁa%ﬂommnhﬂi:gﬂLLﬂdmﬁuLeﬁaﬁﬁuﬁﬂLﬁﬂ
a2 ﬂiju fa lymphoid LLaz myeloid lineage lymphoid lineage 89 lymphocyte ‘T}dﬂi:ﬂauﬁ’m B T sz
NK cell sl,u“umxﬁl myeloid lineage 89 macrophages neutrophils eosinophils L8z basophils M3
ﬂ%”'af:ﬁlzﬁwmsm'mam'szﬂﬂﬁmawnaﬁmaaizuuqﬁﬁuﬁ'ﬂuu‘%nm sperm reservoir MII81 24 T LUaNAS
an'ly Lﬁmﬂ’%ymﬁyumwLL@m@mizijmiwauLL1_|1_|LawLLazLLuuiﬂﬂﬁfiaﬁmsaaﬂﬁamuﬂamgn uazdl
MINTENUAERINAININANTIIMIHFUA SN UL LLAN ﬂ'm,ﬂ'é"Uuu,ﬂawaaLsnaﬂm:uugﬁ@ﬁ:wﬁ'uu’%nmﬁaq
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2002, 2003) Lcﬁaﬁmadi:uun‘jﬁﬁwﬁuﬁwumnu’%nmﬁaqwﬁam@n léun  lymphocyte, neutrophil,
eosinophil L8z macrophage TooSanaiinuiunussazaasasasnmaidudauasdanuuiusiuseou
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(Kaeoket et al., 2002) \Taswha eosinophil Wuga%ﬂuqmﬁq&lﬁmsm:ﬁu (Kaeoket et al., 2003) Lijo'l
wudt insdnsawudn lymphocyte uas neutrophil sansawy lausimriein s g wuin Taawy
A luaI infundibulum LwiﬁmnﬂﬁUuLuJaammﬁaumnﬂuﬁmﬁfﬂﬂﬂdwnaﬁu‘%nmmﬁn (Jiwakanon et
al., 2005, 2006) Mﬁgﬂi sperm reservoir a%iu'%nm@‘hLmuaiamﬂ'ai:wmﬂnmgml,a:ﬁaﬁ'lvlﬂ LRZRIUYID
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miﬁmﬂﬂﬁauﬁﬁﬁﬁt (Sumransarp et al., 2007; Tummaruk et al., 2007) I(ﬂULﬂuLLﬂqﬂiﬁiﬁ%ﬂmiNﬁmﬁEIN
3 wuy leun wuu Al 5 @7 WUU Ul 5 @72 §ag LUy DIUI 5 67 Aeurinmsnanfiow LLajqﬂmﬂé”svlﬁ%'umi
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Wwaue  udSanas 50 Uaaans Iﬂsm'aLﬁﬁﬁ'wiamm@Lﬁﬂﬁagﬁm‘l,wiawamﬂw wasnntuazld
RIATABIIUIN 2 ﬁa'ﬁﬁmnﬁaé’uﬁwﬁaﬁﬁwmﬁaagluﬁalﬁﬁﬂﬂlumgn
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vasUnuagnlunisnidiagiludiunasriarinlisin  ampullae 9zf96an BTS ﬁg’u P 1 Jadaas 1u
§IUVad isthmus  Uwaz UTJ 922281902881982818 BTS ﬁéjuﬂ‘%mm 0.5 UaAAAT LLa:’Ludaumm‘ﬂﬂmgﬂ
RN BTS ﬁaju W 20 HaRAaT udazaIwasNTEATINIU 2 53 waInnTE AR aud Nl
aqﬁﬁmnwﬁuﬁuﬁﬁﬂ@yﬁnmaama'sﬁmﬁwmmﬂmu@me] Vlﬂﬂuﬁwm%'aaﬂuﬁiju FIHANNLTI 400 30U

fAauh viaﬁ'lvl,ﬂLLa:mgﬂﬁﬁwmwzé’waﬁaaq’%aanué’w:ﬁ']m@aﬂu 10% natural buffer formalin
mimuﬁ)mo?amzﬁmﬂmﬁ@?@”ﬂyna‘”aa?am‘iﬁuimmdw (LM)
a 1 Ay dw 1 a A 04 6 1 g: 0 g: % o s o z:l'
MDY NTULRDIINTONIAUITVURUNUTIIMUNGNING 4 &I ITIHUAZTI WNGA LR LA AN e

ABINT LLﬁaﬁwmr;i’m"ﬂ'u@laumim‘%ﬂmﬁa@amaﬁg‘am gimamaas  laolwaradnsndarainianunm

5-7 vL&lﬂiE]‘l«L ‘YiE]‘Y]'l\‘iL@%S:‘U‘U%Uﬁuﬁ:ﬁ’]%‘ﬁ"}EJLL@Z“II"J']?]:LLEJT‘Iaaﬂ%ﬁﬂﬁ%LﬁaLﬂ%ﬂUL‘ﬁ HUNINIZANUAIVDI
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g3 Wusuaz 4 3w dudewSoufisuiuduen Madwdwilenldizilldaudisd Hematoxyline
and Eosin (H&E) ¥innsasiamauTuiitavasriath liudazaiw (UTJ, caudal isthmus, cranial isthmus e
ampulla)
Walbodaw UTJ Uaz caudal isthmus ¥angdau@is3dnig immunohistochemistry LWaATI93 %%
MTuvaszaslumealasian uazlusiaamaalsn lunguidoudind H&E dramaiviwimidaiannan
{ { & & o { & { A .
LAROUNTYUNIINNTY lamina propria Lmﬁu’]ﬂ“ﬁmﬁﬂqm’s (number of intraepithelial leukocytes) I@amiquuu
' & 4 o a v . . o ¢ & A A A AL A A a o
uwdnzWLNva9beYRAde eyepiece micrometer $1wrwTAAIIAREAYNINLARDUNTUINNILHOYHY WL
Fwunmualasmaguiimwau 50 #un laanild eyepiece micrometer (Mfia13191dn g 25 an4) lagld
o et a Q/ lil v | 9 ' lil Y o aa
fasuenadednu wafnleaziilu number of cells/ocular field area enfild¥inanszananansafauas
Wisuifisunudnldnnnguanilunguaiugy fimienaseudwievesviahldudsu (UTJ, caudal
isthmus, cranial isthmus W&z ampulla) f17 ldazshandszanananisafiduazdiouifisusznitongy
FuuegIninunimualunndwiauiianmanuiaunisufsuiniuegiludiudieg  aolungu

LWIEINY Wazszniengy
n'ii?mmzﬁ?)’ayammﬁﬁ

Mmsieneinsana laglslidsunsy SAS (SAS Inst. V. 9.0, Cary, NC USA) lasvinnnimn
Aaad uwazALaiy LLazLﬂ‘%ﬂuLﬁuué'ﬂmumaaﬁamﬁﬁmwm6] Turiamaduduiug laun dau sande
maaﬂﬂmﬁmmzﬁaﬁﬂﬂ Fuet LaZEIUNEU0S isthmus  LAZUANNAGN Yameae lawld Analysis of
Variance (ANOVA) m3idSauiisussninadindiouazannslugaiaidsiny I%ﬂ'ls'il,mw:ﬁﬁa%muuu

o @

Pair t-test A1 P<0.05 NaNARp&AYNISENE
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HNan1IINaaag
a o 1 { al . a a 4
ﬂsmmua:mtmmﬁwuaqﬂu sperm reservonrTuizﬁnganwﬂanﬂﬂﬂﬂams
a 6 A o ¢ o 1 fl = I s I L= l &, o
WIALAD INITUURUNUS loun szoengunnadudga szuzdudatianla szuzianmaduse
Fwnlunan LLazmmmwaﬂﬂmQﬂ wEea 35001197 1 widee fnan il anunanenesening
nauAILANLATNANNaRDIad @AY (913N 1) Fnamaudiineuisuimsidae1uagn

wazisloandanuudsUriuiznitg 24.6 119 26.1 T lusszndandw (P>0.05)

d' a 6 A e T A = v ad a
MN1319N 1 ‘IN']T]ZJLG]'?]S‘V]']{]SXUUE"{UW%E"]JENLLSJEEﬂ'i'Y]NﬁNL‘Y]EJM@’)EI’Jﬁ Al Un@ IUI uaz DIUI

ngw

mNAaas Al I DIUI P-value
fAUYID9 9.0+1.4 6.0+3.2 6.8+1.9 0.42
iwinga (nn) 198+50 208+34 234+19 0.40
Hudaassusn

seaznenuuiaduga () 5.2+1.6 4.2+0.8 5.3+1.5 0.42

szozilugatisanla (vw) 34.2+9.3 38.0+12.1 43.5+12.6 0.46

szaziamadusa (T3) 55.1422.5 53.0+11.7 60.0+12.2 0.80
Hudanssnaas

sesanaIuananEdael 24.6+0.8 26.1£1.6 24.8+1.9 0.27

waTNAYN (TH)

$ruanlafian 15.3+2.1 17.71.5 17.241.6 0.19

ANNENMasUnuAgn (T4) 248+33 263428 256+44 0.85

Al, artificial insemination; 1UI, intra-uterine insemination; DIUI, deep intra-uterine insemination

é’nwmwaaaaﬁmu’lmyjﬁmwwulumdqamsﬁmm:a%iiwﬁ‘ul,ﬂumjuu%nm epithelial  crypt
(g‘ﬂ‘ﬁ 1) i‘hmuﬁaaqﬁﬁwulmﬁaLﬁaLLaﬂﬂumsNﬁ 2 ﬂ'ﬂLaﬁwaw"ﬂmuéﬁaq’%ﬁwmlwmddﬁmﬁuﬁa
aqﬁﬁﬁﬂm (gﬁr«a uazEInNOVaY isthmus ) 1% 2,296 729 uay 22 ﬁﬂuﬂa;uﬁwamﬁwﬁm%% Al 1UI
Waz DIUI @usau (P<0.05) 'cﬁﬂmué‘haaﬁﬁmmLL@m@mﬁ'm:Wj'mLL&igﬂsé'T'aLL@i 36 114 3,927 é’aiuﬂajuﬁ
mMInauRaudo3s Al aoud 141 £9 2,260 ﬁﬂumjuﬁwamﬁwﬁw%% Ul uazeaus 0 A9 56 dlungu
Pnsufisudasis DUl (@mwﬁ 2) LL&iqﬂsnﬂ@Tﬂ&iwuﬁaaqﬁiumuﬁumad isthmus LLazﬁLszqﬂﬂumjwﬁ

o = v ad = v o P o a o ' :
NINIINRULNLNAIYIT UI LWUG@]?L@]S'JY]W‘]J@]')@E‘!Q 1 @]')1%@'3%%9&]1{“}@@7
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RBC LR

PO V16051

1 msns:mﬂ@T’mlaaaq%luwﬁaLﬁaqﬁaﬁﬁvlﬂi'l,mmqniﬁL’Jm 24 A luanasnsfion
SP=Spermatozoa, RBC=Red blood cell, E=Epithelium, S=Subepithelium (a) 100x magnification (b) 400x

magpnification. H&E stained.
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lunéjuﬁwamﬁwﬁaﬁ% Al uaz 1UI mmsnwuéfnaq’ﬂmm&idﬁmﬁuﬁaaq’%vlﬁﬁy'maaﬁw faulu
ﬂéjwﬁﬁwmwamﬁwﬁwﬁ% DIUI wignsanuiu 3 631N 5 é’a“laiwué’aaq%sludmgﬁw Wiosmuaug 289
vionla waigns 1 ﬁawuﬁaaq’%’[ugﬁm VBTG uazuagns 1 ﬁawuﬁmqﬂugﬁm Yagasna

ﬁwmmmﬂi:mmmaa%ﬁwmué’aaqfuﬁfﬁauaglu crypt mmgﬁm wazsuEas isthmus Aafuil
32 T4 x 5 lwasow = 160 lunsan) drasoiin Fwudegilu UTY naawsuiioudisds Al iu

2,276/160 = 14.2 ddialunsan wia 142,000 ﬁwiamuﬁmmmmgﬁw

A15191 2 @hmﬁmm:ﬁé‘waaaﬁwmuéﬁaqﬂu UTJ Lazaiwineuasd isthmus mamajqﬂwﬁawamﬁwﬁw

3% Al 1UI sz DIUI Uszanms 24 T2las

ngw T uTJ FABNBVDY isthmus SNIUNINUA
Al 5 2276 (36-3829) 20° (0-98) 2296° (36-3927)
Il 5 716" (141-2260) 13° (0-59) 729" (141-2260)
DIUI 5 22" (0-56) 0° 22" (0-56)

%I“?lLil (UTJ), utero-tubal junction; Al, artificial insemination; IUl, intrauterine insemination ; DIUI, deep
intrauterine  insemination  AaANwIWA auNuluaaaNAGLINWILEAIDI lTANuLanavatnsilte AT
(p>0.05)

o @ 1 ° 1
N1INITANYAIVDILTA iﬁ&lﬂ Laaﬂ?]']';l%“ﬂ E]%']vl?.l

o ¢ & A & A ca & a a A
maunsnazasasidaieanlunmboynagnuansasaulnlod filnifla uwazunalasvhaf
@k uazdIwineuad isthmus IuLLajqﬂimevﬁﬁagﬂﬁ 2 uae 3 wmwaslatianvalusuiia
ea & A a A o ' A ' o a

yuagnvadimasaulwlod filnsila uwazunalasvhafduniniie vesudgniwdaninaufion (A) M3
Wauifipuuy U1 uazntakamifiauuy DIUL lifanauandwnuadielvsidny (P>0.1) UA 3) 1o
& A A & A A o o @ e A [ A A < ' P o= &
WialRaarnwuluswbayidunbinniiudiaginenasmansaniioun 24 Tlusdulngidniduad
aulWlod wwadihlnsflauazuualashanuluundsmninuaesd ldludwinldinnluwdgnisulng U
71 2 uaz 3) Swwausasanlwlad HrlniWla uazunalasafunandrluswbayfdunsdiuioas
isthmus  TuwsignIndamanauifisauny Al _IULuaz DIUI uaadlinia13n9n 3. iwadszuupfiquiuingly
fuweas isthmus, §wlngduaasaslwlod smcimasilnilauazusalaswiafsuisanylaing

(@397 3)

= : = oA o ca & A a a4 9 & A
M137:9N 3 ﬂ’]LQﬂEJiﬂ']LUU\‘iLU%SJ’W]?E']WLI?JG?]’]%’J%LSITGE‘]E‘]NIWVLGUG] mImWa LLQ:LL&JﬂIﬂ‘SW'ﬁ] ‘ﬂagluﬂmma

qu’%nmdmﬁmmaa isthmus Iul,miqﬂwé'amiﬁﬁ Al, IUI LLag DIUI

LIRS Al Ul DIUI
aulnleod 18.6+2.0° 22.1+2.0° 11.820.7°
A lnna 0.1£0.04" 1.5¢0.8" 0.320.1°
wualasnig 0.840.2° 1.6+0.4° 0.6+0.1°

o

aanwsnmlaunwluudaziniuaasivlidanunandvagaiinesan (P>0.05)



U 2 wwadsulWlodnunanaalunwbay (gﬂﬂiﬁéﬁ) wazLraanl Insia
3 v ¥ , =ae N da
isthmus daaepddon HEE (AuE1urI=10 tulasiuas)

,,C,

[
-

14

(Waneien) Ndwrinevas
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45 +

40

OAl mEU ODWI

35

30 -

25

20

15

Number of cell (meantSEM)

10 b

Lymphocyte Neutrophil Macrophage

7U7 3 dadozandonowinasgn saumsdulwlod #alniila uazuualashaluswbayndunigie

1 s = o o lil A et ' a
VRIUNFNINBRAINIHFULALULUY Al Ul Uz DIUL ¢78ne3 a, b, ¢ Mindaunuluudazriiavasisauaad
fvldfanuuandvagaiinuiaa (P>0.05)

mMIuaasaanzadndsugaslaniaalasaniazlisaaalsulunainla
nan1avhanyludalanfivasdaivaasluuoalasiau (oestrogen receptor, ER) uazaniuzaflun
lusiasaalsu (progesterone receptor, PR) W11 L‘ﬁaﬁu%t’)m‘(iaﬁ’fl’ﬂLLazumﬂﬂleiW‘Uﬂ’]‘iLLﬁﬂdE]E]ﬂ"llé]\‘i ER
LAWUNILEAIBBNTBY PR (Eﬂﬁ 4) MIUEAIDENVBI PR luviaﬁ"nvlfﬂlmzmgﬂmu UTJ uaasluanaf 4
wez 5 anwdrey lurenle anuduves PR lusundaile uasdasiuuasmsied PR Iu%v'm?iaqﬁ'ﬂu
nga DIUI ﬁszﬁm"hﬂhﬂ@:w Al atsfitidaty (P<0.05) ludiutasuagnmIuaadaanvad PR luqmﬁv’a 3

ﬂ&jmvlliﬁm']mwm@mﬁ’u anviwluzunduiiteAnuinanuduvas PR luﬂaju Al gan3ngu DIUI (P<0.05)

a3 4 ansaenidendestuyludslainduasaisuseiluulisamaaliu  (PR) lasmisldazuuu

ANMNLN/FAF NI TAANAAT) bwriotin luanInaInsNaENRENLLY Al IUI 4z DIUI
9

ﬂéju Surface epithelium Stroma Tunica muscularis
Al 1.872.7" 1.671923" 3.0%4.0"
Ul 1.472.5" 2.4°12370" 3.0%4.0"
DIUI 1.3%1.8° 1.7°11475" 2.2°13.7"

The different superscript letters between rows are significantly different (P<0.05)
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a13wil 5 ansmemidendedduyludslandvasaiiuseslaulinamaalu  (PR) lasmisldazuuu

(ANUTU/FAFIUVDILTRRNAAT) 'luu@gnLL&iqnwé'an'ﬁwamﬁﬂmmu Al, 1UI uaz DIUI

ngw Surface Superficial Deep gland Stroma Myometrium
epithelium gland
Al 16727 14724 1.472.4" 1.8%1990" 3.0%4.0"
Ul 1472.7" 1324 1.472.5" 2.4°12370" 3.0%4.0"
DIUI 16727"  121.8" 1.2°1.9" 1.871933" 2.2"/3.8"
The different superscript letters between rows are ificantly different (P<0.05)

P ASYE Weza Punle
4 '.F:ii'}f'e o A"

Eﬂﬁ 4 ms&maamjao@TﬁuaaTmmﬂﬂswamaIsulu

B ] mﬂgﬂ:—fntml, (b) positive
1IN INe
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a v
nmsandagns &30 uazvalanauns
ﬂ‘%mmua:ﬁnmﬁaﬁwuaqﬁ‘lu sperm reservoir‘lus:é’uqamﬁmnmam‘

a v  ad = Yo o A o o @ Y Y L A @
manaufisudaeds Ul uar DIUI SalFwindresideldadiwuiasldgnWaniwinesaoli
sananliwagnildedeluedninwgige uaniaidumuihldgnsdszgndldinaluladinoaiumnes
P Y Aada : \ s & e G Aad [
WsndsagInsanudanie 11w HITBUTUDY UAs BRINIHIUMIAAUENLNA (Roca et al., 2003; Vazquez
et al., 2005; Sumransap et al., 2007) msane luaTsisuiuassusnilauaadliiAuiinsnszansaives
dragdlu UTJ daurievad isthmus  @auduved isthmus  uazdauuannas vasviai liluwsignindar
MINaNieNad833 Ul uaz DIUL deltdSunaldadndiouisuiunminsafisudedtund nmsdnsass
By A . S LI\ p, -
tldinafiansaramaamuina sunafiaibesiimililusaivassio wu uns gny la wazusumaad
(Larsson and Larsson, 1985; Smith and Yanagimachi, 1990; Mburu et al., 1997; Chatdarong et al., 2004)
MINTTNYIVIMAFIM BRI INFNULABNGIDIT Al U Uaz DIUI Anvlunsdnsaritliaaseny
= &, s o = v @ a ' A o &
mifnmasiieny SevihnnsdnsnlagmizediaiagianvieluszuuFuwus (Sumransap et al., 2007;
Tummaruk et al., 2007) HANMIANBILIDIN IUT95282aRaINTON b ﬂ']iﬂi:améf’maaé"saq’%
mulusasivuazmely orypt Jasunsdanniiumasdtionulndifesiu  eddlifiann $1uaudaegdn
Urzilulasdinmsvzansazlidndaondianuiluais (Smith and Yanagimachi, 1990; Chatdarong et al.,
2004) wanINUL - Magdneguinmasinasaraluundinniiuaiegidnidudeginaoud
(Rodriguez-Martinez et al., 2005) Mnn1saANEludIFAINUI dreagindTiadulngazaguiinmiasna
ang lugnanuazameninsan lidaduszazninmaduaatinis uazenagiwaazdsliiia
ATTUIUMNT capacitation AunIENIIzinIanid (Rodriguez-Martinez et al., 2005) lun3dAnsaTIRNLIN
Fuudegifiaguiion UTY uazdaurinawed isthmus Nsulaandwdia (32 Fu) danudunusivang
nnllafisunumsinsaiiteny Nldinafianmsszdnelunsdnm
= & g A o o, a v  aa A o o ad | e
Tunsinmassiananinuduldin mwsufisudieds DIV axlidwaudaginwuldluundarin
& @ a o A < ) ' LA e o oA = A o a v ad
udmagimenainiansuiiisy 24 lusdeunhadniiveddnyileniouifsuiunsnsuiiond o33
Al uaz Ul nsdnmnaisang Snsuaasliiindt nrkaufisndasds DIV lasaadwiudiagiag 20
i ldwangnansusnassadanianiaoniitmmanisuln@adniidudany (Vazquez et al., 2001;
Martinez et al., 2006) 'cﬁﬂmué’haaﬁﬂmmdaﬁ'mﬁué’aaiﬁﬁﬁaUﬁm'«aa"“ﬁmﬂvlﬁﬁaé'mﬁﬂﬁwawa@ﬁ@‘h
menasnnimnauiisuale3s DIV lunssin i1 a3e@e laiimanenulineunsinfuar (Martinez et
al., 2006) uanNAGInL Wadrdanuazlignazaveanluiud 6 navINHENRUT ulgnINiNIHEN
Wisudeds DIUL azwumaJauiifadisinnsdusniaiissinandod ldunniwignafivhmanes
v  aa a a . = [ g > a Ao a
MuIdNauNoNUNG  (Martinez et al, 2006) NMIANBIATIBNLINGATINMINRUAANALAZNITAANNT
UfsuBiissinadsinenaimnsuiiisudisds DIV enafianiimiahaunsanniudagaiiissding
\ealuudgnIunedn  Rodriguez-Martinez  uazamiz  (2005) WuiIgiagauazilanIdiagd  (39an3
sautiznaulsduluinaosdiesd) udddglunmsfoundnniivdiesd Swiudegidiuniiuas
lihs@uussuluiidssdegifignadluaugasilusegnuazsaaanmagniivfivasdi ldagluunes
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ULIIEELEC! wanaNiu ﬁaaq’%d’mﬁagh 10 ﬁa'ﬁ’ﬁmmﬂmaaﬁméad’suﬁﬁé”saq’%l,ﬁuﬁmzmmmvlﬂ
agﬂmmdaﬁnLﬁuﬁaaqﬂﬁmnnhﬁaaqﬁﬁagjilui%%amuﬁmﬁa (Rodriguez-Martinez et al., 2005) TIWa
miﬁnmf:uamhmiwauLﬂwluﬁﬂmﬁméﬁm‘hmu@haq’%LLazm‘EﬂL’gmﬁaaqﬁﬁﬁammﬂﬂLﬁmwaﬁﬁlﬂﬂ
ﬁﬂﬁLﬁ@msﬁ’NLma'uﬁ'nﬁué’m@"[ﬁﬁgaaaﬁw Foazvhlisanmnanfadiuaziianjaudifsdin
W@EINBRRININEULNENG283T DIUI

Tumsanunessil Wigns 1 62970 5 ﬁalunéuﬁwamﬁwﬁw’i% DIUI fisnagiagly UTY tipsd
L@en 1wutu,z=7iLL&iqmé"ﬁiﬂumjuﬁé‘aaqﬁﬁy’aaad*’ﬁwuaa UTJ  wamsanwiinuinligeandesiunaan
mydnmluasirion (Tummaruk et al., 2007) %aﬂa%’hé”saq’%maﬁaﬁmisﬁauagﬂu crypt VBILRRINNLAL
ﬁaaqﬁlummzﬁﬁms@mw Folsisusnananuldanisnisssérs (Chatdarong et al, 2004) M3AN®A
Aeunthilaouaasliiiuuiai MNANIUGUTINEITNNAEY  waemMIUJauBNeIuIaEIn  §IN1I0
Lﬁ@%ﬂﬁﬁamnmiwawﬁw%% Al 138 DIUI (Hunter, 1967; Waberski et al., 1994; Soede et al., 1995;
Martinez et al., 2006) mm@;ﬁm@’jw:ﬁﬂﬁtﬁ@miﬂﬁau%t,ﬁmﬁ'ml,am WAL EUTINEILIFINDND
Aanszuznmasuanauannasian s wn ﬁ‘iﬁuauﬁaag%@iaﬂ%dﬁwauﬁaﬂ LLa:ﬁaﬁ'mmLajqﬂi
L8J (Waberski et al., 1994; Soede et al., 1995; Martinez et al., 2006) Martinez LLazatke (2006) LRHDLLLE
N ﬁwﬁ‘hmuﬁ’mqﬁﬁuﬁumﬂ 150 sugdaldmin 600 suaasialdaazlinumsyaudiiaseuion
FMNTUMINFULTBNA87D DIUI Martinez Lazame (2005) Answuinsiwinaisanazansdagadingdan
Lﬁ'aﬁﬂmiwamﬁwﬁwﬁmqﬁ 250 aua7 ﬁ‘hmu(;ﬁaﬁﬁ@ia‘[é’aﬁm:ﬁﬂﬂ%‘lumwamﬁw@‘hﬁ’i% Ul Ae
500 8142 (Mezalira et al., 2005) Bennemann WazAmz (2004) waaslifnindwinisaunovuai 32
Tundawaanfisndaeds Ul azaansaddindaniiaszusvinsasndnaiouiioanlduniiu 24 dalug
wiaanmanauaazlddanuuandrsatisivasan Tunsfinsasiinud Fwuegidaldaluns
nEUfoNddE DIVl asfindu  wsssasaasudraufisanliaisianumanssuieTaloran sy
nilasuan 1Hu Tadsanusians Lﬁalﬁﬁﬁﬁmué’aaq%ﬁmdaﬁ'mﬁué’mq&ﬁmwmf}mﬁ@mmﬂvlﬂﬂ mn
Taseneg Aamnumanzauuda mmﬁ”ﬁaLmddﬁ'mﬁuéhaqﬁﬁ”’maﬁwmmé’ammamﬁwﬁm%% DIUI
019LAn amdﬁaﬂﬁmmﬁ@lmmqﬂimdﬁa

maRamsNaNAsua 3T (Ul luqﬂsﬁimmuﬂ%@mnhﬂ 2002 (Watson and Behan, 2002) &9
usasliiAudanafialummsnisugnadisnissadwiudiegidalda  udiunafiamanaufisauoy Ul
fmshanltlumisuudnana Lwi‘ﬁmﬂﬂuﬁ‘a"l,ajﬁulammwsam‘hmuaq%eiaIé’a luvnsnsdananudiwm
gnqﬂm‘mLﬁ@ﬁwwmiamana@mmwéﬁmﬁmauLﬂwéhzﬁ'ﬁ I laglfdhwindragiasnd 1,000 &u
deialda (Rozeboom et al., 2004; Roberts and Bilkei, 2005) fwauiivadau3s W1 laslFeaagd 1,000
fushdaldmilinwiaasanifionsasaandy oama ldiismnnsfauifissngdu aonslsfioa
’Lumiﬁﬂma%v'{lf:ﬂa%dﬁﬁmuéﬁaq”?ﬂu crypt 289 UTJ uazsnuevad isthmus llianuuandnsatineg
ﬁfﬂﬁwﬁtgsluﬂa;uﬁwamﬁﬂuﬁm%% Ul wazds Al Und Seliusldluuwamadeaiuiumsdnesnewninil
ﬁ’fmLﬁmT'Jafﬁﬁag’@mﬂawamaaﬁaimﬂﬁ‘ﬁﬂWimzﬁwa (Sumransap et al., 2007) Tumsdnwnasfinuin shuam
dagilu crypt 283 UTJ 1uﬂ§juﬁwauLﬁmuﬁaﬂﬁ‘ﬁ Ul azﬁﬁaﬂﬂdﬂﬂ@juﬁwamﬁwﬁ’m%% Al Hszane 3 ¥
uTJ Lﬂu@iwuﬁy’umomUmwi?w,l,iﬂslmiaﬁw"l,’ﬂﬁa:yawslﬁé"saq’ﬁﬁhmuﬁ']ﬁ'@mwﬂ'}"l,ﬂﬁaﬁ;@ﬁﬁmﬁ@mi
Ujjausld (Rodriguez-Martinez et al., 2005) lugsnauszuziiananiy dragidulwnjazaglusansiuin
POIUWAINNLALALDEA m?’ﬁ:ﬁmﬁ]:ﬁwﬁaafﬁlaanm"l,él”mnLﬁaamﬂﬁaadwwamaﬁﬂmm:Lﬁanﬁwummlu
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The aim of this study was to investigate the number of
spermatozoa in the crypts of the utero-tubal junction (UTJ)
and the oviduct of sows approximately 24 h after intrauterine
insemination (IUI) and deep intrauterine insemination (DIUI)
and compared with that of conventional artificial insemination
(AIl). Fifteen crossbred Landrace x Yorkshire (LY) multipa-
rous sows were used in the experiment. Transrectal ultraso-
nography was performed every 4 h to examine the time of
ovulation in relation to oestrous behaviour. The sows were
inseminated with a single dose of diluted fresh semen by the Al
(n = 5), IUl (n = 5) and DIUI (n = 5) at approximately 6—
8 h prior to the expected time of ovulation, during the second
oestrus after weaning. The sperm dose contained 3000 x 10°
spermatozoa in 100 ml for AL, 1,000 x 10° spermatozoa in
50 ml for TUI and 150 x 10 spermatozoa in 5 ml for DIUL
The sows were anaesthetized and ovario-hysterectomized
approximately 24 h after insemination. The oviducts and the
proximal part of the uterine horns (1 cm) on each side of the
reproductive tracts were collected. The section was divided
into four parts, i.e. UTJ, caudal isthmus, cranial isthmus and
ampulla. The spermatozoa in the lumen in each part were
flushed several times with phosphate buffer solution. After
flushing, the UTJ and all parts of the oviducts were immersed
in a 10% neutral buffered formalin solution. The UTJ and
each part of the oviducts were cut into four equal parts and
embedded in a paraffin block. The tissue sections were
transversely sectioned to a thickness of 5 pm. Every fifth serial
section was mounted and stained with haematoxylin and eosin.
The total number of spermatozoa from 32 sections in each
parts of the tissue (16 sections from theleft side and 16 sections
from the right side) was determined under light microscope.
The results reveal that most of the spermatozoa in the
histological section were located in groups in the epithelial
crypts. The means of the total number of spermatozoa-in the
sperm reservoir (UTJ and caudal isthmus) were 2296, 729 and
22 cells in Al, IUT and DIUI groups, respectively (p < 0.01).
The spermatozoa were found on both sides of the sperm
reservoir in all sows in the Al and the IUI groups. For the
DIUI group, spermatozoa were not found on any side of the
sperm reservoir in three out of five sows, found in unilateral
side of the sperm reservoir in one sow and found in both sides
of the sperm reservoir.in one sow. No spermatozoa were found
in the cranial isthmus, while only one spermatozoon was found
in the ampulla part of a sow in the IUI group. In conclusion,
DIUTI resulted in a significantly lower number of spermatozoa
in the sperm reservoir approximately 24 h after insemination
compared with Al and TUI. Spermatozoa could be obtained
from both sides of the sperm reservoir after Al and IUI but in
one out of five sows inseminated by DIUIL.

Introduction

Recently, new procedures for artificial insemination (AI)
in pigs such as intrauterine insemination (IUI) and deep

intrauterine insemination (DIUI) have been established
(Martinez et al. 2002; Watson and Behan 2002; Sum-
ransap et al. 2007, Tummaruk et al. 2007). The proce-
dures consist of a specially designed catheter that can be
passed through the cervix allowing the deposition of
sperm into the uterine body (in the case of IUI) or the
proximal third of the uterine horn (in the case of DIUI).
Using these techniques, the number of spermatozoa per
dose can be reduced to one billion spermatozoa for IUI
(Watson and Behan 2002) and 150 million spermatozoa
for DIUI (Martinez et al. 2002). It has been demon-
strated that the IUI technique with a three-time reduc-
tion in sperm numbers per dose results in the same
conception rate and litter size, under farm conditions
when compared with conventional AI (Watson and
Behan 2002). However, Rozeboom et al. (2004) found
that ITUT with <I x 10” spermatozoa per dose resulted in
a smaller litter size compared with conventional Al with
4 % 107 spermatozoa per dose. Sperm distribution within
the female reproductive tract following conventional Al
is well established in pigs (Hunter 1981; Mburu et al.
1996; Langendijk et al. 2002; Rodriguez-Martinez et al.
2005). Yet, only a few studies on the distribution of
spermatozoa in the female reproductive tract for both
IUI and DIUI have been conducted (Sumransap et al.
2007; Tummaruk et al. 2007). Using a low number of
spermatozoa per dose, DIUI results in a significantly
lower number of spermatozoa in the female reproductive
tract at 24 h after insemination (Tummaruk et al. 2007),
while the spermatozoa flushed from the utero-tubal
junction (UTJ) and oviducts do not differ significantly
between IUI and conventional AI (Sumransap et al.
2007). Furthermore, the spermatozoa could be obtained
from only one side of the reproductive tracts after DIUI
and therefore a unilateral colonization of spermatozoa in
the sperm-reservoir was suspected (Tummaruk et al.
2007)..On the other-hand, it was demonstrated that four-
to eight-cell embryos were found in both sides of the
reproductive tract at 48 h after DIUI in other groups of
sows (Tummaruk et al. 2007). In cats, it has been
reported that the number of spermatozoa in the crypts
of the sperm reservoir after mating was found to be
greater than in the lumen (Chatdarong et al. 2004). The
number of spermatozoa in the crypts of the sperm
reservoir after IUI and DIUI in pigs with a reduced
number of spermatozoa has not been reported. The
present study was performed to investigate the number
of spermatozoa in the UTJ and each part of the oviducts
of sows approximately 24 h after IUI or DIUI and
compared with that of conventional Al.

© 2008 The Authors. Journal compilation © 2008 Blackwell Verlag
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Materials and Methods
Animals and the detection of oestrus and ovulation

Fifteen crossbred Landrace x Yorkshire (LY) multipa-
rous sows were used in the experiment. On the day of
weaning, they were brought from commercial farms to
the Department of Obstetrics, Gynaecology and Repro-
duction, Faculty of Veterinary Science, Chulalongkorn
University and were allocated to individual pens adja-
cent to adult boars. The sows were fed 3 kg/day (twice a
day) with a commercial feed (Starfeed176®; BP Feed
Co. Ltd, Saraburi, Thailand) containing 15% protein,
2% fat and 10% fibre. Water was provided ad [libitum.
The sows were observed for pro-oestrus twice a day
(a.m./p.m.). The sows were randomly assigned to three
groups according to ear tag, ie. Al (n = 5), IUI
(n = 5) and DIUI (n = 5) groups. The sows were
examined for the onset of standing oestrus every 6 h
using a back pressure test in the presence of a mature
boar. Transrectal ultrasonography (Echo camera SSD-
550; Aloka Co. Ltd, Tokyo, Japan) was performed in all
sows every 4 h, starting from approximately 10 to 12 h
after the onset of oestrus, using a 5 MHz probe to
examine the time the time of ovulation (Tummaruk
et al. 2007).

The collection and dilution of semen and insemination

The semen was collected from an adult Duroc boar
with proven fertility. Semen with a motility of 270%, a
concentration of 2150 spermatozoa/ml and sperm with
normal morphology >85%, was diluted, using a Belts-
ville thawing solution diluent (BTS, Minitiib; Abfiillund
Labortechnik GmbH & Co. KG, Tiefenbach, Germany).
The sperm dose contained 3000 x 10° spermatozoa in
100 ml for conventional AI, 1000 x 10° spermatozoa
in 50 ml for TUI (Deep goldenpig'™ catheter; IMV
Technologies, L’Aigle, France) and 150 x 10° sperma-
tozoa in 5 ml for DIUI (Martinez et al., 2002). The sows
were inseminated with a single dose of the diluted semen
during the second oestrus after weaning. The time of
ovulation during the first oestrus was used to determine
the timing of insemination, which was carried out at 6—
8 h prior to the expected time of ovulation. The sows
were inseminated by conventional - AL-IUI and DIUI
techniques. The DIUI technique was modified  after
Martinez et al. (2000). Intrauterine insemination  and
DIUI techniques have been described by Sumransap
et al. (2007) and Tummaruk et-al. (2007).

Sampling procedures

The sows were anaesthetized at 25.2 + 1.6 h after
insemination (Table 1). General anaesthesia was in-
duced by i.m. injection of 2 mg/kg azaperone (Stress-
nil®; Janssen Animal Health, Beerse, Belgium), and
30 min later, 10 mg/kg of thiopental sodium was given
intravenously. Ovario-hysterectomy was performed by
laparotomy. The reproductive organs were removed and
immediately transferred to the laboratory. The number
of corpus haemorrhagicum was counted and regarded as
the number of ovulations. The total length of the uterine
horn was measured. The oviducts and the proximal part

Table 1. Reproductive parameters of sows inseminated by conven-
tional AI, TUI and DIUI

Groups

Parameters Al 1UI DIUI p-value
Parity 90 + 14 60 +£32 68+ 19 0.42
Body weight (kg) 198 £ 50 208 + 34 234 + 19 0.40
First oestrus

Weaning-to-oestrus (days) 5.2 + 1.6 42 + 0.8 53+ 1.5 0.42

Oestrus-to-ovulation (h) 342 £ 9.3 38.0 = 12.1 43.5 £ 12.6 0.46

Oestrus duration (h) 55.1 & 22.5 53.0 = 11.7 60.0 £ 12.2  0.80
Second oestrus

Insemination to 246 £ 0.8 261 £ 1.6 248 £ 1.9 0.27

ovario-hyterectomy (h)

Number of ovulation 153 21 177 £ 1.5 172 £ 1.6 0.19

Length of uterine horns 248 + 33 263 + 28 256 + 44 0.85

(cm)

Al, artificial insemination; IUI, intra-uterine insemination; DIUI, deep intra-
uterine insemination.

of uterine horns (1 cm) on each side of the reproductive
tract were collected. The section was divided into four
parts, i.e. UTJ, caudal isthmus, cranial isthmus and
ampulla (Tummaruk et al. 2007). The lumen of each
segment was flushed with phosphate buffer solution
several times. The numbers of spermatozoa obtained via
the flushing technique have been reported previously
(Sumransap et al. 2007; Tummaruk et al. 2007). After
flushing, the UTJ and all parts of the oviducts were
immersed in a 10% neutral buffered formalin solution
for further processing.

Tissue sections

The UTJ and each part of the oviducts were cut into
four equal parts and embedded in a paraffin block. The
tissue sections were transversely sectioned to a thickness
of 5 um. Every fifth serial section was mounted and
stained with haematoxylin and eosin. The number of
spermatozoa in defined sections was determined under
light microscope with a magnification of 200—400x. The
defined sections represent the total number of sperma-
tozoa from 32 sections in each part of the tissue (16
sections from the left and 16 sections from the right
sides).

Statistical analysis

Data were analysed using sas software (SAS Institute
Inec 1996).-Descriptive statistics-including the mean and
the standard deviations (SD) of all parameters were
calculated. Parameters including parity number, body
weight, weaning-to-oestrus interval, oestrus-to-ovula-
tion interval, oestrus duration, insemination-to-ovari-
ohyterectomy interval, number of ovulations and length
of the uterine horns were compared among groups using
a one-way ANOVA. The number of spermatozoa in the
UT]J and each part of the oviducts was presented as the
means of the groups and the range of the means of each
sow. The normality of the data was tested using residual
plot under the UNIVARIATE procedure of SAS.
Skewness, kurtosis and Shapiro—Wilk statistical meth-
ods were used to evaluate the normality of the data. As
a result of the skew of the data, a natural log
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transformation was applied to the number of sperma-
tozoa before being included in the statistical models.
The numbers of spermatozoa (log transformation) in
each part of the reproductive tract were compared
among groups using a general linear model procedure.
Least-squared means were obtained from each group
and were compared using Tukey—Kramer adjustment
for multiple comparison. Differences with p < 0.05
were regarded as having statistical significance.

Results

Reproductive parameters including weaning-to-oestrus
interval, oestrus-to-ovulation interval, oestrus duration,
number of ovulation and length of the uterine horns are
presented in Table 1. All of these parameters display no
significant differences between groups (Table 1). The
interval from insemination to ovario-hysterectomy
operation varied from 24.6 to 26.1 h among groups
(p > 0.05).

Most of the spermatozoa in the histological section
were located in groups in the epithelial crypts (Fig. 1).

Fig. 1. Distribution of spermatozoa in epithelial crypts of the utero-
tubal junction of a sow approximately 24 h after insemination. SP,
spermatozoa; RBC, red blood cell; E, epithelium; S, subepithelium
(a) 100x magnification (b) 400x magnification. Haematoxylin and
eosin stained

The numbers of spermatozoa in the tissue sections are
presented in Table 2. The means of the total number of
spermatozoa in defined sections of the sperm reservoir
(UTJ and caudal isthmus) were 2296, 729 and 22 cells in
Al IUI and DIUI groups respectively (p < 0.05). The
number of spermatozoa in the defined sections of the
sperm reservoir varied between sows from 36 to 3927
cells in the Al group, 141-2260 cells in the TUI group
and 0-56 cells in the DIUI group (Table 1). No
spermatozoa were found in the cranial isthmus in any
sows, while only one spermatozoon was found in the
ampulla part of a sow in the TUT group.

Spermatozoa were found on both sides of the sperm
reservoir in all sows in the Al and the TUI groups. For the
DIUI group, no spermatozoa were found in the UTJ and
all parts of the oviducts in three out of five sows, but
spermatozoa were found on the unilateral side of the UTJ
in one sow and found on both sides of the UTJ in one sow.

The estimated number of spermatozoa hiding in the
crypts of the UTJ and the caudal isthmus per area (32
section X 5 microns = 160 microns) could be calcu-
lated. As for instance, in the UTJ after Al, it was
2276/160 = 14.2 spermatozoa per micron or 142 000
spermatozoa/cm of the UTJ.

Discussion

Intrauterine insemination and DIUI techniques using a
low sperm number per dose of insemination are devel-
oped to maximize the use of superior boar sperm and to
apply for some new sperm technology, such as frozen-
thawed semen and sex-sorted sperm (Roca et al. 2003;
Vazquez et al. 2005; Sumransap et al. 2007). The
present study is the first to demonstrate the distribution
of spermatozoa in the UTJ, caudal isthmus, cranial
isthmus and ampulla parts of the oviduct in sows after
low-dose TUI and DIUI compared with conventional Al
by using the histological examination technique. This
technique has been performed on many species such as
cats, pigs, heifers and hamsters (Larsson and Larsson
1985; Smith and Yanagimachi 1990; Mburu et al. 1997,
Chatdarong et al. 2004). The distribution of spermato-
zoa after Al, IUI and DIUI observed in the present
study isin agreement with our previous findings, in
which spermatozoa were flushed from the lumen of the
reproductive tract (Sumransap et al. 2007; Tummaruk
et al. 2007). This indicated that during the post-ovula-
tion period; the distribution” of spermatozoa in the
lumen and in'the crypts of the sperm reservoir is quite

Table 2. Mean number of spermatozoa (cells) and range in the UTJ
and the caudal isthmus of sows approximately 24 h after conventional
Al TUI and DIUI

Group n uTJ Caudal isthmus Total

Al 5 2276 (36-3829) 20" (0-98) 2296" (36-3927)
1UI 5 716" (141-2260) 13% (0-59) 729% (141-2260)
DIUI 5 22° (0-56) 0% 22° (0-56)

UT]J, utero-tubal junction; Al, artificial insemination; IUI, intrauterine insem-
ination; DIUI, deep intra uterine insemination.

Values with similar superscript letters within a column do not differ significantly
(p > 0.05).
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similar. However, it was suggested that the sperm
number estimated by a flushing technique was likely to
be an under estimate (Smith and Yanagimachi 1990;
Chatdarong et al. 2004). Furthermore, the spermatozoa
localized in the central lumen of the sperm reservoir are
likely to be dead spermatozoa (Rodriguez-Martinez
et al. 2005). For in vivo study, most of the viable
spermatozoa are usually harboured in deep furrows in
the pre- and peri-ovulatory period during standing
oestrus and these spermatozoa remained uncapacitated
until ovulation took place (Rodriguez-Martinez et al.
2005). In the present study, the number of spermatozoa
in defined section (32 sections) hiding in the crypts of the
UT]J and the caudal isthmus was relatively high com-
pared with earlier reports when flushing technique had
been used.

In the present study, it is confirmed that DIUI
resulted in a significantly lower number of spermatozoa
in the sperm reservoir approximately 24 h after insem-
ination compared with Al and TUI. Earlier studies have
shown that DIUI with a 20-fold reduction in number of
spermatozoa resulted in a significantly lower litter size
compared with conventional Al (Vazquez et al. 2001;
Martinez et al. 2006). The low number of spermatozoa
in the sperm reservoir might explain the poor fertiliza-
tion rate after DIUI in pigs under field conditions, which
was reported earlier (Martinez et al. 2006). In addition,
it was found that when the embryos and oocyte were
flushed at 6 days after insemination, partial and unilat-
eral fertilization was higher in sows inseminated with
DIUI compared with conventional Al (Martinez et al.
2006). The present study indicates that low fertilization
rate and unilateral fertilization after DIUI might be
caused by a unilateral sperm reservoir formation in
some sows. Rodriguez-Martinez et al. (2005) demon-
strated that both spermatozoa and seminal plasma (as
well as protein components in the seminal plasma) are
important for the formation of the sperm reservoir. A
certain number of spermatozoa and some proteins in
the seminal plasma have to be transported through
the uterine lumen and escape from phagocytosis to enter
the sperm reservoir. Furthermore, the spermatozoa
subpopulation in the first 10 ml of the sperm-rich
fraction seems to be more effective to a colonized sperm
reservoir than the rest of the sperm-rich fraction to
colonize sperm (Rodriguez-Martinez et al. 2005). These
findings suggest that unilateral insemination with a
small number of spermatozoa and seminal plasma may
not be enough to enhance the formation of ‘bilateral
sperm reservoir. These events may cause low fertiliza-
tion and unilateral fertilization after DIUI.

In the present study, one out of five sows in the DIUI
group had spermatozoa on only one side of the UTJ,
while another sow in the same group had spermatozoa
on both sides of the UTJ. The later finding was not in
accordance with our previous study (Tummaruk et al.
2007). This therefore indicates that some spermatozoa
were hiding deep in the crypts of the sperm reservoir
during ovulation, which may not have been removed via
flushing (Chatdarong et al. 2004). Earlier studies have
shown that unilateral fertilization and partial fertiliza-
tion can occur in either conventional Al or DIUI
(Hunter 1967; Waberski et al. 1994; Soede et al. 1995;

Martinez et al. 2006). It has been suspected that the
causes of unilateral fertilization and partial fertilization
might be the prolonged interval from insemination to
ovulation, the low number of spermatozoa per insem-
ination and the variation among sows (Waberski et al.
1994; Soede et al. 1995; Martinez et al. 2006). Martinez
et al. (2006) proposed that if the number of spermatozoa
was increased from 150 x 10° spermatozoa/dose to
600 x 10° spermatozoa per dose, unilateral fertilization
did not occur. For TUI, Mezalira et al. (2005) found that
the number of embryos was significantly decreased after
250 x 10° spermatozoa were used for insemination. The
minimum number of spermatozoa per dose recom-
mended for TUI was 500 x 10° spermatozoa (Mezalira
et al. 2005). Bennemann et al. (2004) demonstrated that
the total number of embryos at 32 days after IUI
significantly decreased when the interval from insemi-
nation to ovulation exceeded 24 h, although the con-
ception rate did not differ significantly. In the present
study, we suggest that the number of spermatozoa per
insemination dose for DIUI should be increased and the
interval from insemination to ovulation should be
optimized to compensate for the influences of other
factors, such as sow factors, to obtain the optimal
number of spermatozoa in the sperm reservoir during
ovulation. If these factors have been optimized, bilateral
formation of the sperm reservoir after DIUI might have
occurred, at least in some sows.

The TUI technique in pigs was reported for the first
time in 2002 (Watson and Behan 2002). It has been
demonstrated as a practical technique for Al in pigs
with a reduced number of spermatozoa per dose.
Although the TUI technique has been used under farm
conditions, many practitioners are not yet confident
enough to reduce the number of spermatozoa per dose.
In some cases, a reduced number of total piglets born
per litter after TUI with <1000 x 10° spermatozoa per
dose have been observed (Rozeboom et al. 2004;
Roberts and Bilkei 2005). If TUI with 1000 x 10°
spermatozoa per dose causes a reduction in litter size
at farrowing, a partial fertilization can be expected. The
present study indicates that the number of spermatozoa
in the crypts of the UTJ and the caudal isthmus was,
however, not significantly different between IUI and
conventional Al. This is‘in agreement with our previous
finding, in which spermatozoa in the central lumen were
obtained by a flushing technique (Sumransap et al.
2007). In the present study, the number of spermatozoa
in the crypts of the UTJ in the IUI group was
approximately three times less than in the AI group.
The UT]J is known as the primary physical barrier to the
oviduct and restricts sperm access to the fertilization site
(Rodriguez-Martinez et al. 2005). During the pre-ovu-
lation period, most spermatozoa are hidden in the deep
lateral furrows of the sperm reservoir, flushing of which
are difficult to achieve because of the closed lumen and
the presence of intraluminal mucus in the lumen
(Tienthai et al. 2004). The spermatozoa were relocated
again after ovulation (Mburu et al. 1996). Sumransap
et al. (2007) demonstrated that the majority (approxi-
mately 41%) of the spermatozoa recovered from
the female genital tract were found in the UTJ. The
present study demonstrates that the sub-population of
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spermatozoa in the UTJ is approximately three times
lower in the TUI with a three times reduction in number
of spermatozoa per dose compared with that of
conventional AIl. This has never been reported before.
In our previous study, the number of spermatozoa in the
UT]J obtained via flushing technique was quite similar
between IUI and Al (Sumransap et al. 2007). Yet, the
number of spermatozoa in the isthmus was quite similar
between IUI and AI. This is in agreement with our
previous findings (Sumransap et al. 2007). These indi-
cated that if the oviducts function normally, IUI with a
three time reduction in the number of spermatozoa may
not have an unfavourable effect on fertilization rate and
litter size.

In conclusion, TUI with a three times reduction in the
number of spermatozoa tended to have a lower number
of spermatozoa hiding in the crypts of the UTJ but not
in the caudal isthmus. This may not interfere with the
fertilization process because of the sufficient number of
spermatozoa heading to the fertilization site. For single
insemination, the DIUI with a 20-fold reduction in the
number of spermatozoa per dose might be too low to
obtain a sufficient number of spermatozoa in the crypts
of the sperm reservoir prior to fertilization. The sper-
matozoa could be obtained from both sides of the sperm
reservoir after Al and IUI, but in only one out of five
sows inseminated by DIUI.
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Introduction

The mechanism of sperm transport from the
insemination site to the fertilization area is regulated
by many factors involving both the female genital
tract and the spermatozoa (1). The utero-tubal
junction (UTJ) is the primary physical barrier to the
oviduct. The caudal isthmus and the UTJ act as a
sperm reservoir to restrict sperm access to the
fertilization site (2). Ovulation affects sperm
transport by initiating the redistribution of
spermatozoa  from  the  sperm  reservoirs
(3). Recently, new devices for artificial insemination
(Al) in pig have been developed i.e., intrauterine
insemination  (IUI) and deep intrauterine
insemination (DIUI) (4-7). Using these techniques,
the number of spermatozoa per dose can be reduced
(4-7). 1t has been shown that DIUI resulted in a
significantly lower number of spermatozoa in the
female reproductive tracts at 24 h after insemination
(5), while the spermatozoa in the UTJ and oviducts
do not differ significantly between IUl and
conventional Al (4). After insemination, the
excessive spermatozoa were eliminated by the local
immune system of the sow’s uterus (8, 9). These
immune cells are produced from lymphoid
(e.g., lymphocyte, plasma cell) and myeloid lineage
(e.g., neutrophil, macrophage and eosinophil) in the
bone marrow (9). Lymphocyte is mainly function for
specific immune response, while neutrophil is
function for the non-specific immune response,
phagocytosis (9). The infiltration of leukocyte
subpopulation in the sow’s uterus and-oviduct after
conventional Al has been reported (8-10). However,
infiltration of leukocyte after IUI and DIUI has
never been reported..- The present study was
performed to . investigate ~the infiltration of
intraepithelial lymphocyte (IEL), neutrophil- (IEN)
and macrophage (IEM) in the UTJ and each part of
the oviducts at about 24 h after 1Ul and DIUI
compared to Al in sows.

Material and Methods

Animals and the detection of oestrus and ovulation:
Fifteen crossbred Landrace x Yorkshire (LY)
multiparous sows were used in the experiment. On
the day of weaning, they were allocated to individual
pens adjacent to adult boars. The sows were
observed for pro-oestrus twice a day (am/pm). The
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sows were randomly assigned to 3 groups, i.e., Al
(n=5), IUl (n=5) and DIUIl (n=5). Transrectal
ultrasonography (Echo camera SSD-550, Aloka co.
Itd., Japan) was performed every 4 h using a 5 MHz
probe to examine the ovulation time in all sows (5).
Collection and dilution of semen and insemination:
The semen was collected from an adult proven
Duroc boar. Semen with a motility of >70% was
diluted, using Beltsville thawing solution (BTS)
diluent. The sperm dose contained 3,000x10° motile
spermatozoa in 100 ml for conventional Al,
1,000x10° motile spermatozoa in 50 ml for 1UI
(Deep golden pig® Minitube, Germany) and
150x10° motile spermatozoa in 5 ml for DIUI (7).
The sows were inseminated with a single dose of the
diluted semen during the second oestrus after
weaning at 6 to 8 h prior to the expected time of
ovulation. The sows were inseminated by the
conventional Al, IUI and DIUI techniques (4, 5).
Sampling procedures: The sows were general
anesthetized at 25.2+1.6 h after insemination.
The ovario-hysterectomy was performed by
laparotomy. The reproductive organs were removed
and immediately - transferred to the laboratory.
The oviducts and the proximal part of uterine horns
(1 cm) on each side of the reproductive tracts were
collected. The section was divided into 4 parts, i.e.,
UTJ, caudal isthmus, cranial isthmus and ampulla
(5). The spermatozoa in the lumen in each part were
flushed with Phosphate buffer solution (PBS) for
several times. After flushing, the UTJ and all parts
of the oviducts were immersed in 10% neutral buffer
formalin solution for further processing.

Tissue sections: The UTJ and each part of the
oviducts were cut into four equal parts and
embedded in paraffin block. The tissue sections
were transversely section ‘to-a thickness of 5 um.
Every fifth serial section was mounted and stained
with hematoxylin and eosin (H&E).

Histological examination: The total number of IEL,
IEN and IEM in each parts of the tissue was
determined under light microscope using 400x mag.
The leukocyte cells were counted in 15,625 um? for
20 areas per tissue section. A total of 32 sections per
organ (left and right sides) in each sow were
determined.

Statistical analysis: Data were analyzed using SAS
software (11). The total number of IEL, IEN and
IEM counted in the UTJ and the caudal isthmus
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were presented as meanstSEM. Due to the skew of
the data, a natural log transformation was applied to
the data before included in the statistical models.
The numbers of IEL, IEN and IEM in each part of
the sperm reservoir were compared among groups
using General linear mixed model (MIXED)
procedure. The model included groups, sides and
organs as fixed effect and included animal and
section nested within animal as random effects.
Least-squared means were compared using Tukey-
Kramer adjustment for multiple comparisons.
Differences with p<0.05 were regarded to have
statistical significance.

Results and Discussion

Infiltration of IEL, IEN and IEM in the UTJ and the
caudal isthmus of sow are demonstrated in Fig. 1 &
2. The number of IEL, IEN and IEM in the UTJ of
sow after Al, IUl and DIUI were not significantly
difference (p>0.1) (Fig. 2). Lymphocyte was the
most common leukocyte found in the epithelium of
the sperm reservoir at 24 h after insemination. A
small number of neutrophil and macrophage were
also found in the sperm reservoir in most sows (Fig.
1&2). Number of IEL, IEN and IEM in the caudal
isthmus of sow after Al, IUI and DIUI are
demonstrated in Table 1. Lymphocyte was the most
common immune cells in the caudal isthmus, while
few IEN and IEM were also found (Table 1).
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Fig. 1 Intraepithelial lymphacyte (black arrow)
and neutrophil, (black arrowheads) in the caudal
isthmus, H&E stained (bar: 10 pm).

Table 1 Mean+SEM of intra epithelial lymphocyte,
neutrophil and macrophage in the caudal isthmus of
sow after Al, Ul and DIUI

Cells Al U1 DIUI
Lymphocyte  18.6+2.0° 22.122.0° 11.8+0.7°
Neutrophil 0.1+0.04° 1.5+0.8% 0.3+0.1°
Macrophage 0.8+0.2° 1.6£0.4° 0.6+0.1°

Values with the same superscript within row do not differ
significantly (p>0.05).

Proceedings, The 15™ Congress of FAVA
FAVA - OIE Joint Symposium on Emerging Diseases

In the present study, lymphocyte was the most
common immune cell found in all groups at about 24
h after insemination, while very rare neutrophil and
macrophage were found in the sperm reservoir. The
pattern of leukocyte infiltration was similar to the
early diestrus stage (~70 h after ovulation) in the
sow’s uterus (8). The low number of neutrophil and
macrophage indicated that the function of non-
specific immune system or phagocytosis is limited in
the sperm reservoir. In general, the number of
spermatozoa used for IUIl and DIUI was 3 and 20
times less than conventional Al (4, 5). The present
study indicated that the reduction in the number of
spermatozoa for Ul and DIUI did not alter the
infiltration of IEL, IEN and IEM in the UTJ and
caudal isthmus. The present study suggests that both
IUI and DIUI could be used for insemination in pig
without any unfavorable effect on the leukocyte
infiltration in the sperm reservoir prior to
fertilization.

In conclusion, the present study has proved that 1UI
and DIUI, new devices for Al in pig, do not
influence the infiltration of IEL, IEN and IEM in the
sperm reservoir prior to fertilization.
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Fig. 2 MeantSEM of intra epithelial lymphocyte, neutrophil and
macrophage in the UTJ of sow after Al, Ul and DIUI. ab,c
Values with the same letters in each cell type do not differ
significantly (p>0.05).
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Introduction

Recently, a new procedure for intrauterine
insemination (IUl) in sows has been established
(1,2). The procedure consists of a specially designed
catheter that can be passed through the cervix
allowing the deposition of sperm in the uterus. Using
this technique, the number of spermatozoa per dose
can be reduced by up to 1 billion spermatozoa. It has
been demonstrated that the IUI technique with a
3-times reduction in the sperm number per dose
resulted in the same conception rate and litter size,
under farm conditions, as conventional artificial
insemination (Al) (1). However, Rozeboom et al. (3)
found that 1UI with <1 x 10° spermatozoa per dose
resulted in a smaller litter size compared to a
conventional Al with 4x10° spermatozoa per dose.
The mechanism of sperm transport from the
insemination site to the fertilization area is complex
and is regulated by many factors involving both the
female genital tract and the spermatozoa (4).
Additionally, ovulation has been postulated to affect
sperm transport by initiating the redistribution of
spermatozoa from the sperm reservoirs. This
redistribution may be regulated by a change in the
hormonal profile that occurs during ovulation (4, 5).
Sperm distribution and fertilization after 1UIl with a
reduced number of spermatozoa have been
demonstrated (2). Progesterone (P,) significantly
increased soon after ovulation in pig and influences
the transportation of spermatozoa and embryos (5).
The mechanism of P, on sperm transportation in the
female reproductive tracts. is related the expression
of progesterone receptor (PR) in the uterine horn and
the oviduct of pig (6). It is well established that
estrogen (E,) up-regulated PR and P4 down-
regulates PR (6). PR was higher in inseminated sows
compared to cyclic sows (6) The immunostaining of
PR in the uterus was high during 5-6 h to 70 h after
insemination (6). The expression of PR after 1Ul in
pig has never been investigated. The present study
was performed to investigate the expression of PR in
the utero-tubal junction of sows at 24 h after 1UIl
compared with conventional Al.

Material and Method

Animals: Ten crossbred (Landrace X Yorkshire)
multiparous sows (LY) were used in the experiment.
The sows were randomly assigned to 2 groups
according to ear tag, control (conventional Al, n=5)
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and Ul groups (n=5). The sows were examined for
the onset of standing oestrus every 6 h by using a
back pressure test in the presence of a mature boar.
Transrectal ultrasonography (Echo camera SSD-550,
Aloka co. Itd., Japan) was performed every 4 h,
starting from about 10-12 h after the onset of
oestrus, using a 5 MHz probe to examine the time
when ovulation took place in all sows (2). The
semen was collected from an adult proven Duroc
boar and was diluted, using Beltsville thawing
solution (BTS) diluent. The sperm dose contained
3,000x10° spermatozoa in 100 ml for conventional
Al and 1,000x10° spermatozoa in 50 ml for 1UI. The
sows were inseminated with a single dose of the
diluted semen during the second oestrus after
weaning. The time of ovulation duing the first
oestrus was used to determine the timing of
insemination, which was carried out at 6-8 h prior to
the expected time of ovulation. The sows were
inseminated by the conventional Al or the IUI. The
IUI technique has been described by Sumransarp
etal. (2).

Tissue collection: The sows were general
anesthetized at about 24 h after insemination.
General anesthesia was induced by azaperone
(Stressnil®), 2 mg/kg, intramuscularly and 30 min
later thio-pental sodium, 10 mg/kg, was given
intravenously. =~ The  ovario-hysterectomy  was
performed by laparotomy. The reproductive organs
were removed and immediately transferred to the
laboratory. The oviducts and the proximal part of
uterine horns (1 cm) on-each side of the reproductive
tracts were collected. The utero-tubal junction and
all parts of the oviduct were fixed in 10% neutral
buffer formalin. The samples were embedded in
paraffin blocks, cut in 4 pum thick sections and
placed on ‘Superfrost Plus ‘glass-slides (Menzel-
Glaser, Freiburg, Germany).

Immunohistochemistry: The sections were
deparaffinized in xylene and rehydrated in graded
alcohol. The immunohistochemical protocol was
modified after Sukjumlong et al. (6). Briefly, antigen
retrieval technique was used in order to enhance the
reaction between antigen and antibody by boiling in
0.01 M citrate buffer pH 6.0, 2x5 min in a
microwave at 750 watt. A standard avidin-biotin
immunoperoxidase technique was applied to detect
the PR proteins. The primary antibodies used were
mouse monoclonal antibody to PR (Immunotech,
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clone 10A9) at the dilution of 1:200 in a humidified
chamber for 2 h at room temperature. Normal sow
oviduct known to express PR was served as positive
controls. In the final step, the color of the bound
enzyme (brown color) was obtained using 3,3
diaminobenzidine (DAB). All sections were
counterstained  with ~ Mayer’s  hematoxylin,
dehydrated and mounted with glycerine gelatin for
investigation under a light microscope.
Classification of positively stained cells: The UTJ
was classified into 2 parts, the oviduct and the
uterine parts. The oviduct part consisted of
3 compartments: surface epithelium, subepithelial
layer of the stroma and muscular layer. The uterine
part was classified into 4 compartments: surface
epithelium, glandular epithelium, subepithelial layer
of the stroma and myometrium. The results of the
immunostaining were evaluated by a manual scoring
method. The scoring of PR positive cells was done
by classification into three different levels of
intensity: weak, 1; moderate, 2 and strong, 3. Since
not all cells stained positively in some compartments
of the tissue, the proportion of positive to negative
cells was also included for these tissues. The
proportions were estimated into four different levels
(marked 1-4): low proportion (<30% of positive
cells, 1); moderate proportion (30-60% of positive
cells, 2); high proportion (>60-90% of positive cells,
3) and almost all cells positive (more than 90%, 4)
[6]. In connective tissue stroma of the uterus and the
oviduct, not all cells were positively stained.
Therefore, the number of PR positive cells per mm?
in the subepithelial layer was identified in each
section. Five arbitrarily chosen microscopic fields
were counted. The counting was performed at x400
mag. by using an ocular reticule (ocular micrometer,
0.13x0.13 mm, with 25 squares) placed in the
eyepieces of the light microscope and move the
ocular micrometer along the subepithelial layer of
the stroma (7).

Statistical analysis: Data were analysed using SAS
software [8]. Descriptive statistics including the
mean and the standard- deviations (SD) of all
parameters were calculated. The score of intensities
and score of positive cell were compared between
groups using -NPARIWAY ..procedure of SAS
(Wilcoxon rank sum test). Differences with p<0.05
were regarded to have statistical significance.

Results and Discussion

Immunohistochemical staining of PR after Al and
Ul in the oviductal and the uterine parts of the UTJ
are presented in Table 1 and 2 and Fig. 1. The
intensity and the proportion of PR positive cell after
Al and 1Ul in all compartments of the UTJ were not
significantly difference (p>0.05). For both Al and
IUI, high intensities and high proportion of PR
positive cell were observed in myometrium
compartments of both the oviductal and uterine parts
of the UTJ (Table 1 and 2).
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Table 1 Immunohistochemical staining of
progesterone receptors (PR) presented as manual
scoring (intensity and proportion) in oviductal part
of uterotubal junction

Group of Surface Stroma Myometrium
SOWS epithelium

Al 1.82.7% 1.6Y1923* 3.044.0

18] 1.42.5" 2.4%2370% 3.04.0%

The different superscript letters between rows are significantly
different (p<0.05)

Table 2 Immunohistochemical staining of progeste-
rone receptors (PR) presented as manual scoring
(intensity and proportion) in uterine part of
uterotubal junction

Group of  Surface Connective Myometrium
SOWS epithelium tissue stroma

Al 1.6%2.7% 1.841990% 3.04.0*

18] 1.42.7% 2.4%/2370% 3.04.0

The different superscript letters between rows are significantly
different (p<0.05)

oL,

R N
Fig. 1 Expression of PR in the UTJ
control, (b) positive control, (c) Al, (d) IUI

of sows: (a) negati.ve

The present study demonstrated the expression of
PR after Al as well as _IUl in pig. Ul is a new
technique for insemination in pig and the expression
of PR after-1Ul has never been reported before. In
general, the number of spermatozoa recommended
to be used for IUl was 3 time less than Al. The
results indicated that the reduction in the number of
spermatozoa per insemination by Ul technique dose
not alter the expression of PR in the UTJ. The
present study suggests that Ul could be used
without any different effect on PR in the sperm
reservoir prior to fertilization. Wu et al. [9] found
that the activation of PR was also associated with the
capacitating  process and  responsible  for
physiological sperm acrosome reaction induction.
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The sperm acrosome reaction is required for
mammalian fertilization. It has been suggest that P,
is a physiological inducer for sperm acrosome
reaction (9). In conclusion, the present study proved
that IUI, a new Al technique in pig, does not
influence the expression of PR in the UTJ prior to
fertilization.
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Introduction

Recently, a special designed catheter for artificial
insemination (Al) in pig has been developed for
non-surgical deep intra-uterine insemination (DIUI)
with a 20 folds reduction in the number of
spermatozoa (1). The DIUI catheter is inserted
through the uterine horn and deposited semen in one
horn close to the sperm reservoir. Earlier studies
have shown that a flexible catheter could be passed
through the cervix completely in 90-95% of
multiparous sows taking about 4 min/insemination
(1, 2). The technique is also applicable for advanced
biotechnology procedures such as frozen-thawed
semen, sex sorted sperm and embryo transfer (3-5).
The number of spermatozoa in the sperm reservior
after DIUI with a reduced number of spermatozoa
was significantly lower than Al (6). Furthermore,
poor litter size and low fertilization rate has also
been observed for DIUlI (7). It has been
demonstrated that progesterone (P,) significantly
increased soon after ovulation in pig and influenced
the transportation of spermatozoa and embryos (8).
The physiological mechanism of P, on sperm
transportation in the female reproductive tracts is
related to the expression of the P, receptor (PR) in
the uterine horn and the oviduct of pig (9). It has
been demonstrated that the PR in the pig oviduct
(ampulla and isthmus) was more intense during
luteal phase compared with follicular phase (10) and
the PR was higher in inseminated sows compared to
cyclic sows (9). The expression of the PR after DIUI
in pig has never been investigated. The present study
was performed to investigate the expression of the
PR in the utero-tubal junction (UTJ) of sows at 24 h
after DIUI compared with conventional Al.

Materials and Methods

Animals: Ten crossbred (Landrace X Yorkshire)
multiparous sows were used in the experiment. On
the day of weaning and were observed for pro-
oestrus twice a day. The sows were randomly
assigned to 2 groups, a control group (conventional
Al, n=5) and a DIUI group (n=5). Transrectal
ultrasonography was performed every 4 h, starting
from about 10-12 h after the onset of oestrus, using a
5 MHz probe to examine the time when ovulation
took place in all sows (9). The semen was collected
from an adult proven Duroc boar. Semen was diluted
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using Beltsville thawing solution (BTS) diluent. The
sperm dose contained 3,000x10° spermatozoa in 100
ml for conventional Al and 150x10° spermatozoa in
5 ml for DIUI. The sows were inseminated with a
single dose of the diluted semen during the second
oestrus after weaning. The sows were inseminated
by the conventional Al (n=5) or the DIUI (n=5).
Tissue collection: The sows were general
anesthetized at about 24 h after insemination. The
ovario-hysterectomy was performed by laparotomy.
The reproductive organs were removed and
transferred to the laboratory. The oviducts and the
proximal part of uterine horns (1 cm) on each side of
the reproductive tracts were collected. The utero-
tubal junction and the oviduct were fixed in 10%
neutral buffer formalin. The samples were embedded
in paraffin blocks, cut in 4 um thick sections and
placed on Superfrost Plus glass slides.
Immunohistochemistry: ~ The  sections  were
deparaffinized in xylene and rehydrated in graded
alcohol. The immunohistochemical protocol was
performed (12). Briefly, antigen retrieval technique
was used in order to enhance the reaction between
antigen and antibody by boiling in 0.01 M citrate
buffer pH 6.0, 2x5 min in a microwave at 750 watt.
A standard  avidin-biotin  immunoperoxidase
techniqgue  (Vectastain® ABC  kit, Vector
Laboratories, Inc., USA) was applied to detect the
PR proteins. The primary antibodies used were
mouse monoclonal antibody to PR (Immunotech,
clone 10A9) at the dilution of 1:200 in a humidified
chamberfor 2 h at room temp. Normal sow oviduct
known to express PR was served as positive
controls. The color of the bound enzyme (brown
color) was obtained using 3, 3'-diaminobenzidine
(DAB) (Vector Lab., Inc., USA). All sections were
counterstained © "with  ‘Mayer’s- hematoxylin,
dehydrated and mounted with glycerine gelatin for
investigation under a light microscope.
Classification of positively stained cells: The UTJ
was classified into 2 parts, the oviduct and the
uterine parts. The oviduct part consisted of 3
compartments: surface epithelium, subepithelial
layer of the stroma and myometrium. The uterine
part consisted of 4 compartments: surface
epithelium, glandular epithelium, subepithelial layer
of the stroma and myometrium.
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The results of the immunostaining were evaluated by
a manual scoring method. The scoring of PR
positive cells was done by classification into three
different levels of intensity: weak, 1; moderate, 2
and strong, 3. Since not all cells stained positively in
some compartments of the tissue, the proportion of
positive to negative cells was also included for these
tissues. The proportions were estimated into four
different levels (marked 1-4): low (<30% of positive
cells, 1); moderate (30-60% of positive cells, 2);
high (>60-90% of positive cells, 3) and almost all
cells positive (>90%, 4) (12). In connective tissue
stroma of the uterus and the oviduct, not all cells
were positively stained. Therefore, the number of PR
positive cells per mm? in the subepithelial layer was
identified in each section. Five arbitrarily chosen
microscopic fields were counted. The counting was
performed at x400 mag. by using an ocular reticule
(ocular micrometer, 0.13x0.13 mm, with 25 squares)
placed in the eyepieces of the light microscope and
move the ocular micrometer along the subepithelial
layer of the stroma.

Statistical analysis: Data were analysed using SAS
(11). Descriptive statistics including the mean and
the standard deviations of all parameters were
calculated. The score of intensities and score of
positive cell were compared between groups using
NPARIWAY procedure (Wilcoxon rank sum test).
Differences with p<0.05 were regarded to have
statistical significance.

Results and Discussion

Immunohistochemical staining of PR after Al and
DIUI in the oviductal and the uterine parts of the
UTJ are presented in Table 1 and 2. In the oviductal
part of the UTJ, the intensity of PR in the
myometrium and the proportion of PR positive cell
in the surface epithelium -after DIUI was
significantly lower than Al (p<0.05). In the uterine
part of the UTJ, both intensity and proportion of PR
positive cell in all tissue compartment were not
significantly different except for the myometrium in
which higher intensity was found for Al (p<0.05).
When comparing between tissue compartments, the
prominent stating was observed in the muscular
layer of the UTJ for both Al and DIULI.

Table 1 Immunohistochemical staining of
progesterone receptors (PR) presented as manual
scoring (intensity and proportion) in oviductal tissue
compartments

Group of Surface Stroma Tunica
SOWS epithelium muscularis
Al 1.8%2.7% 1.6%1923* 3.0°/4.0"
DIUI 1.3Y1.8% 1.7°/1475% 2.2°/3.7°

The different superscript letters between rows are significantly
different (p<0.05)
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Table 2 Immunohistochemical staining of
progesterone receptors (PR) presented as manual
scoring (intensity and proportion) in uterine tissue
compartments

Group Surface Stroma Myometrium
of sows epithelium

Al 1.642.7 1.8%/1990% 3.0°4.0"
DIUI 1.6%42.7* 1.8%/1933* 2.2°/3.8*

The different superscript letters between rows are significantly
different (p<0.05)

Progesterone mediates changes in pig reproductive
tissue during oestrus cycle and important for the
fertilization process. During recent years, the
expression of PR in pig as well as in other species
has been investigated intensively (9, 10). The
intensity and the proportion of PR in the UTJ during
post-ovulation period after insemination were
relatively high, which is in agreement with a
previous report in the sow uterus (9). It has been
demonstrated that the immunostaining of PR in the
uterus was high during 5-6 h to 70 h after
insemination (9). The present study is the first, who
report the expression of PR after DIUI in pig. The
expression of PR in some compartments of the UTJ
was significantly lower in the DIUI groups
compared to Al. The number of spermatozoa as well
as the volume of semen used for DIUI was 20 time
less than Al. It is known that the boar semen contain
a certain amount of estradiol (E,). It has been
demonstrated that E, up-regulate PR in the pig
uterus (9). Low volume of semen used for DIUI
might also influence the expression of PR due to the
lack of E,. Furthermore, Tummaruk et al. (6) found
that the number of spermatozoa recovered from the
UTJ of sows after DIUI was significantly lower than
Al. This indicates that the reduction in the number
of spermatozoa in the UTJ around ovulation might
alter the expression of PR. In clinical research, low
fertilization rate and poor quality of embryos after
DIUI with-a small number of spermatozoa have also
been observed (7). Although DIUI with a 20-fold
reduction .in number of spermatozoa resulted in
similar pregnancy rate compared to Al, a higher
number of partial fertilization, unilateral fertilization
and lower litter size were observed (9). The present
study indicated that number of spermatozoa and/or
volume of semen used for insemination may also
play a role on the expression of PR.
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Fig. 1 Expression of PR in the UTJ of sows: (a) negative
control, (b) positive control, (c) Al, (d) DIUI
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